
 

 
 

 
NATIONAL CHILDREN’S STUDY 

PRECONCEPTION CORE HYPOTHESIS—ASSISTED REPRODUCTIVE TECHNOLOGY  
 

I. Proposed Hypothesis 
 
Children whose conceptions were aided by infertility treatments such as the assisted reproductive technologies 
(ARTs) are at increased risk of fetal growth restriction, birth defects and developmental disabilities in 
comparison to children whose conceptions were unassisted by such treatments. 
 
II. Workgroup 
 
Fertility and Early Pregnancy Working Group (Possible Collaboration with Exposure to Chemical Agents; 
Growth) 
 
III. Contacts 
 
Germaine Buck & Robert Chapin 
 
IV. Public Health Significance 

  
 Prevalence: Intrauterine growth restriction (IUGR) is typically measured as a function of birth weight relative 

to estimated gestation.  The prevalence of IUGR is estimated to be 30 to 250 per 1000 births depending on the 
definition and reference population used.1  The prevalence of birth defects is estimated to be approximately 30 
to 40 per 1000 infants born, though in the United States, national data are not available and data from 
individual states vary according to the coding systems that are used and the manner in which cases are 
ascertained.2,3  The prevalence rates for specific birth defects vary widely; for example, 1999 prevalence 
estimates from the Metropolitan Atlanta Congenital Defect Program are 0.1 per 1000 liveborn infants for spina 
bifida, 1.7 per 1000 liveborn infants for clubfoot, and 3.7 per 1000 liveborn infants for hypospadias.4 
Developmental disabilities are defined as a group of physical, cognitive, psychological, sensory, and speech 
impairments that begin anytime during development up to 18 years of age.  The prevalence of developmental 
disabilities (all types) is estimated at 170 per 1000 U.S. children under 18 years of age. 4   Severe 
developmental disabilities include mental retardation, cerebral palsy, hearing loss, vision impairment, and 
epilepsy.  The prevalence of severe developmental disabilities is estimated at 20 per 1000 school-aged 
children.  More specifically, the Metropolitan Atlanta Developmental Disabilities Surveillance Program 
provides population-based prevalence estimates of selected developmental disabilities; these are 9.7 per 1000 
children ages 3-10 for mental retardation, 2.8 per 1000 for cerebral palsy. 1.1 per 1000 for hearing loss, 0.9 per 
1000 for vision impairment, and 3 per 1000 for autism spectrum disorders. 4 

 

In the United States and worldwide, the use of assisted reproductive technologies to overcome infertility is 
increasing rapidly.  Assisted reproductive technologies (ARTs) are defined as those infertility treatments in 
which both ooctyes and sperm are handled in the laboratory; these include in vitro fertilization-transcervical 
embryo transfer, gamete and zygote intrafallopian transfer (gametes or zygotes transferred into fallopian tubes 
rather than uterus), frozen embryo transfer, and donor embryo transfer.  In 1999, the most recent year for 
which U.S. population-based data are available, more than 86,000 ART procedures were performed, resulting 
in more than 30,000 live-born infants.5  These infants represent an estimated 0.8 percent of the total infants 
born in the United States in 1999.  This proportion is expected to continue to rise, largely due to improved 
accessibility and successful treatments.  Further, ART treatments represent only a fraction of the infertility 
treatments currently used.  Results from a national survey suggest that in 1995, treatment with ovulation 
stimulation medications without ARTs was 30 times more frequent than the use of ARTs, and artificial (or 
assisted) insemination was 10 times more frequent (separate statistics for ARTs and assisted insemination were 
obtained through a personal communication with A. Chandra, NCHS).6  Thus, the proportion of infants 
conceived using various infertility treatments, is ostensibly orders of magnitude higher than the 0.8 percent 



 

 
 

estimated for ARTs alone.  As states increasingly ensure medical coverage for fertility treatment, economic 
barriers will disappear and services will be widely available to all couples.  Recent data suggest that more 
programs are beginning to offer ART services.    Specifically, between 1996 and 1998 there was a 14 percent 
increase in programs participating in the U.S. ART Registry maintained by the CDC in collaboration with the 
Society for Assisted Reproductive Technology (SART).7   For these same years, there was a 26.5 percent 
increase in the total number of ART procedures reported.  In sum, more and more couples with impaired 
fecundity or fertility are overcoming their underlying conditions and conceiving children with the assistance of 
medical technology.  ART treatments are the most invasive and technologically advanced within the spectrum 
of infertility treatments currently available.   
 
Another reason that children born with the assistance of ARTs are of special concern is that pregnancies 
achieved with the use of these technologies are more likely to result in multiple births.  For example in 1998, 
56% of U.S. infants born following the use of ARTs were multiples.7   Recent data suggest that ARTs alone 
accounts for just over 9 percent of twin (unpublished data, CDC) and more than 40 percent of the triplet and 
higher order births in the United States, with other infertility treatments likely accounting for a sizable 
proportion of the remainder.8  
 
Morbidity: IUGR has been shown to be associated with a number of outcomes, ranging from neonatal 
morbidity, to developmental disabilities and chronic conditions during childhood.1, 9-13 Major birth defects are 
associated with increased infant and childhood mortality and long-term disability.2    Developmental 
disabilities are linked with various medical conditions throughout the lifespan.  Infants conceived with ART 
therapies are reported to be at increased risk for low birth weight, particularly at term, and birth defects (see 
below).  There is also emerging evidence that ART infants may be at increased risk for developmental 
disabilities.  However, studies to date for all three outcomes have been primarily retrospective and of varying 
methodological quality.   
 
Quality of Life: Infants born of diminished birth size and or with a major birth defect or severe developmental 
disability are at increased risk for a multitude of health, psychosocial, and education adversities.1, 2, 4, 9-12 
 
Mortality: Perinatal and infant mortality rates are inversely related to decrements in fetal growth and birth 
size.14, 15  Birth defects are the leading cause of infant mortality in the United States.14 

 
Cost:  Children with birth defects and/or those born too small contribute disproportionately to infant and 
pediatric health care costs.2,16  For example, over 25 percent of pediatric hospital admissions are estimated to 
occur among children with birth defects.2   Children with developmental disabilities require a host of special 
education services, medical services and supportive care.  In the US special education costs are estimated at 
$36 billion annually.  4 
 
Perceived Importance: IUGR holds clinical and public health significance because it is an important 
intermediate outcome in a wider spectrum of disorders. In the short-term, IUGR is associated with a host of 
neonatal complications and increased mortality.1,9, 12-15  Additionally, both animal and human studies suggest 
IUGR may predispose an individual to longer-term outcomes such as developmental disabilities during 
childhood and chronic conditions affecting numerous tissues and organ systems (e.g., impaired glucose 
tolerance, abdominal obesity, decreased HDL cholesterol, increased systolic and diastolic blood pressure, 
cardiovascular mortality, altered lung function, renal complications, altered thyroid function) beginning in 
childhood and continuing into adulthood.1,9-12  Thus, IUGR may hold important clues for the fetal origins of 
adult disease.  
 
Children born with congenital anomalies are at increased risk of morbidity and mortality during infancy and 
childhood.  In addition, they often have numerous physical, developmental, and learning disabilities.   Birth 
defects are estimated to be a major contributor to potential years of life lost in the Unites States.2 
 



 

 
 

Developmental disabilities are lifelong conditions with substantial morbidity.  The etiologies for most 
developmental disabilities are poorly understood.  Scant epidemiologic data are available. 
 
Multiples are at increased risk of preterm delivery, IUGR, birth defects, death and long-term morbidity 
including developmental disability.17-21 They should be adequately represented in the National Children’s 
Study, given their biologic immaturity which may render them particularly susceptible to environmental 
agents. 

 
Recently, there has been a lot of attention paid to the financial burdens faced by couples attempting to conceive 
using ARTs and other infertility treatments.  In addition, and even more importantly, questions have been 
raised about the safety of ARTs for the children that are conceived, both singletons and multiples.  A 
prospective study of the relation between ART and outcomes such as IUGR and birth defects would be an 
important step in addressing these concerns. Research on short and long-term health effects related to the 
treatments, the underlying conditions leading to infertility, or possible interactive effects between the two, has 
not kept pace with the rapid advances in technology. 
 
 
V. Justification for a Large, Prospective, Longitudinal study 
 
Although IUGR is a fairly prevalent outcome, a study of the longer-term health outcomes that are less 
prevalent than IUGR, will require a large sample of pregnancies and infants.  Although studies to date have 
documented associations between IUGR and a plethora of long-term outcomes, a more exact understanding of 
the mechanisms underlying these associations is needed. While the hypothesis of early fetal programming is 
intriguing, prior studies that have attempted to address the issue have been criticized on a number of 
methodological shortcomings.10  Longitudinal studies beginning prior to conception are needed to disentangle 
the various etiologies and sub-types of IUGR, to monitor fetal growth from very early in pregnancy, to detect 
changes in fetal growth prospectively, and to track the long-term consequences.  In addition, the prospective 
design will enable scientists to detect additional adverse outcomes, which have been unidentified to date 
including those that result in termination or fetal death. 
 
A large prospective study is also the appropriate design to study birth defects.  This is the only design that will 
allow for the identification of nearly all incident cases, including those that result in fetal death.  Additionally, 
prospective follow-up of live-born infants will allow for complete case ascertainment, as a proportion of 
defects will not be identifiable at birth.  Finally, the tracking of live-born infants will also allow for more 
careful assessment of the impact that various exposures (including infertility treatment) may have on the long-
term health status of infants with various types of defects. 
 
Because developmental disabilities are diagnosed throughout childhood, a prospective study design is needed 
to appropriately follow children and capture and track these outcomes as well. 
 
Prospective data collection is also needed to obtain complete and standardized exposure data.  Such data can 
be roughly divided as: 1) exposures during the pre-conceptional period that may be related to both a couple’s 
underlying infertility and the subsequent risks for IUGR and birth defects among the children conceived with 
ARTs; 2) the underlying pathophysiology(ies) responsible for a couple’s infertility (which may directly impact 
the pregnancy); and 3) the specification of the infertility treatment(s) used.  The National Children’s Study is 
uniquely qualified to address these issues.  
 
Pre-conceptional exposures of interest include environmental toxicants, nutritional factors, and individual 
behavioral factors, such as cigarette smoking and alcohol use.  Retrospective collection of these data will be 
limited by poor maternal and paternal recall and will result in a lack of biological specimens collected at 
critical periods.  Prospective interviews, diaries and biological sampling will greatly improve the accuracy and 
breadth of these exposure data.   
 



 

 
 

Maternal recall of both infertility diagnoses and infertility treatment is poor, despite the level of invasiveness 
of many treatment modalities (C. Ghosh, Doctoral Dissertation, 2000; personal communication Dr. Mary 
Croughan.)  Retrospective medical record review may also be limited because women in the United States 
commonly seek treatment in multiple clinics and the clinics themselves commonly close or reorganize, which 
impairs the ability to obtain records (personal communications, various members of SART.)  Also, medical 
evaluation and laboratory testing for infertility diagnoses is highly variable across clinics (unpublished data, 
CDC).  Prospective data collection will allow for consistent and comprehensive infertility evaluations.  This is 
of primary importance because a key methodological concern with previous studies that examined this 
hypothesis or related hypotheses, is that it is not possible to completely distinguish effects caused by the 
infertility treatment from effects caused by the underlying infertility (see below.)  Finally, prospective data 
collection will also allow for complete and accurate information on a number of specific treatment factors.  
These include use of highly invasive techniques such as intracytoplasmic sperm injection (including 
prospective semen parameters on the male partner or sperm donor), assisted hatching, pre-implantation genetic 
diagnoses, specifics of culture media (including the use of co-culture or blastocyst culture), and early and 
consistently timed ultrasound data on the number of gestational sacs and fetal hearts (currently there is wide 
variation in whether and how such data are recorded across clinics.) 

 
VI. Scientific Merit 
 
ART is recognized as an important contributor to the U.S. low birth weight rate because of the known 
association between the use of ARTs and multiple births5, 7, 8 and between multiple births and low birth 
weight.22  Additionally, studies have suggested that low birth weight rates are increased among singleton 
infants conceived with ARTs as compared with naturally conceived infants or population-based rates.23-31 
These previous studies were limited in their assessment of specific treatment-related effects.  Moreover, 
questions remain about whether the reported low birth weight risk for singletons conceived with ARTs is a 
direct effect of the procedure or reflects some other factor related to the underlying infertility of the couples 
who conceive using these procedures.  Studies examining these hypotheses have reported conflicting 
findings.31-36  One recent study based on the population-based registry of ART-conceived infants in the United 
States found that singleton infants who were conceived using ARTs and were born at term had a low birth 
weight risk that was over two times higher than expected, based on comparison with the general U.S. 
population of singleton births.31  This increased risk persisted after adjusting for maternal age and parity.  
Additionally, the higher than expected risk remained even when the sample was limited to infants conceived 
with eggs from apparently fertile women (i.e. donor eggs) and infants carried by women who were unlikely to 
have an underlying uterine disease (i.e. women seeking ARTs because their male partner had an infertility 
diagnosis and women serving as a gestational surrogate for the ART patient).  These subgroup findings suggest 
that the increased risk for term low birth weight may be related to the ART procedure itself, rather than the 
underlying infertility.  However, this registry dataset does not contain detailed clinical information on patients’ 
underlying medical conditions.  A study that closely follows ART patients and their pregnancies prospectively 
is needed to more definitively address this important question.  To date, few studies have specifically evaluated 
low birth weight due to IUGR separately from low birth weight due to early delivery, and no study has 
monitored fetal growth changes prospectively.  
 
With respect to birth defects, equivocal results exist regarding the association between ARTs (including 
intracytoplasmic sperm injection) and birth defects in the offspring.23-27, 29-30, 37-41  Prior studies have suffered 
from various methodological problems including low statistical power, particularly to assess individual defects 
separately, and differential case ascertainment and coding schemes for infants conceived using ARTs and 
infants conceived naturally.  Nearly all studies relied on retrospective registry data.  Two recent studies have 
shown an increased risk for various birth defects among ART-conceived infants. 40-41   These studies are 
particularly noteworthy because they demonstrated elevated risks even among singleton infants.  Specific 
malformations implicated were neural tube defects, alimentary tract atresia, omphalocele and hypospadias in 
one study 40 and cardiovascular, urogenital, chromosomal, and muskoskeletal defects in the other study.41    
However, small sample sizes limited the assessments of specific organ systems.   Both studies were based on 
retrospective registry data and were unable to separate effects caused by specific treatment exposures from 



 

 
 

effects that may have been related to a couple’s underlying infertility.  Again, a large, well-designed 
prospective study is needed to address this question. 
 
The study of longer term outcomes such as developmental disabilities among ART children has been hampered 
by inadequate sample sizes and lost to follow-up. A recent study, reported an increased risk for developmental 
delay and cerebral palsy among children conceived with ART.42   These effects remained elevated when 
analyses were limited to singleton births; however, the study suffered from a number of methodological 
drawbacks including a lack of statistical power to adequately assess subgroup findings and thus a large 
prospective study would greatly advance this important research question. 

 
This proposed core hypothesis focuses on 3 important outcomes – IUGR, birth defects, and developmental 
disabilities.  These have been implicated as potential adverse outcomes associated with ARTs.  It is, however, 
important to note that there is a paucity of evidence-based findings on the safety of ARTs in terms of the 
general long-term health status of the children.   In addition to neurodevelopmental disorders, concerns have 
been raised about chronic conditions during childhood and continuing into adulthood and impaired 
reproductive function and fecundity among this F1 generation.  Inclusion of this hypothesis as a core National 
Children’s Study hypothesis will also ensure a study design with the capacity to identify a number of health 
outcomes among this growing population of children.   

 
VII.     Potential for Innovative Research 
 
Specimen and data collection during pre- and peri-conceptional period will facilitate development of sensitive 
molecular markers in the human for this temporal window of sensitivity that results in substantial loss of life.  
Estimates of peri-conceptional pregnancy loss in the human far surpasses any other species that has been 
studied, ranging as high as 62 percent.43   In addition, collection of this sensitive and timed exposure data may 
have long-term implications for understanding the fetal origins of adult disease. 

 
VIII. Feasibility 
 
Critical Period:  Many exposures of interest act prior to the clinical recognition of pregnancy.  In addition, 
many exposures might adversely impact the gametes prior to conception.   
 
Sampling Needs:  There are several key sampling issues to consider when sampling ART pregnancies: 
 

• There is a variable lag time between when couples begin trying to conceive and when they begin 
infertility treatment.  In order to capture this population, a sampling strategy that incorporates 
selected recruitment at infertility treatment centers will be required.   

• Couples seeking ARTs are already undergoing intensive and time-consuming medical testing and 
treatments.  It is anticipated that data collection could be structured to coincide with their regular 
visits to the infertility clinic. 

• Not all ART treatments will be successful. The average pregnancy rate of ART treatments is 31 
percent and the average livebirth rate is 25%, with a high degree of variability according to the 
woman’s age.4  Couples who are not successful with the first treatment often undergo multiple ART 
procedures (in 1999, nearly 50 percent of patients undergoing an ART procedure reported having a 
previous ART treatment.)  As would be expected, success rates are slightly higher for couples on 
their first attempt.  Thus, in designing the optimal approach for sampling this group, it will be 
important to consider ART patient selection factors such as age, duration of infertility, previous 
ART attempts, and perhaps some general information about the infertility diagnosis or clinical 
presentation.   For example, the pregnancy rate for women under 35 years of age with no previous 
ART attempts who present with normal levels of follicle stimulating hormone and estradiol is 
estimated at  41% (unpublished data, CDC).  This then might represent a subgroup of ART patients 
to target. 



 

 
 

• The study design should ensure that the sample selected is appropriate to study the effects of ART 
on various outcomes for singleton births separately.  Because such a high proportion of ART births 
are multiple, this must be factored into sample size estimations. 

• Certain sub-types of ART, might be of particular interest.  At present, there is a great deal of 
concern about the safety of ICSI, above and beyond ART alone.  Thus, one potential option is to 
select two ART samples – e.g. in vitro fertilization with ICSI and without ICSI.  (Note:  ART 
covers a somewhat heterogeneous group of treatments and thus in addition to targeting certain ART 
patients for recruitment, it will also be highly desirable to restrict recruitment to certain types of 
ART procedures – for example, one might restrict to in vitro fertilization [both with and without 
ICSI] among patients who used embryos created using their own eggs that were freshly fertilized 
[i.e. exclude donor eggs and frozen-thawed embryos, and instead focus on the most commonly used 
ART type – IVF +/- ICSI with fresh non-donor eggs and embryos] ) 

 
Estimates of the sample size necessary to study various outcomes among singleton infants conceived with 
ART are presented in Table 1.  As can be seen these sample size estimates were derived with conservative 
assumptions of the minimum risk ratio – 1.5 for each of the general outcomes:  IUGR, preterm delivery, 
birth defects, serious developmental disabilities, and mild-serious developmental disabilities; and 2.0 for 
specific individual or related groups of birth defects or developmental disabilities.  Studies to date have 
suggested that risk ratios may indeed be higher.  Other assumptions include the following: 

• For every ART singleton there will be a minimum of 4 non-ART singletons in the comparison 
group. 

• 35% of ART deliveries will be to multiple births 
• 15% of ART pregnancies will be lost prior to birth (a conservative estimate if targeted 

recruitment of younger women is used – unpublished data CDC). 
 
Sample sizes vary widely given the range of prevalence rates for the outcome measures.  A minimum sample 
of 4,335 ART pregnancies is needed to study each of the general outcomes with sufficient power to assess 
ART singletons separately.  To study specific birth defects and developmental disabilities the necessary sample 
size increases to as much as 8,798 ART pregnancies depending on the prevalence of the defect or disability.  
(Of note:  although certain individual defects and disabilities are even less prevalent than the 0.3% minimum 
prevalence presented in the table, it is probably not feasible to study these as individual defects/disabilities; 
however, such very rare defects might be grouped with other defects thought to be etiologically similar to 
increase statistical power to satisfactory levels.) 
 
As mentioned previously, one bonus of considering ART infants separately would be to additionally capture a 
large sample of multiple births.  If 4,335 ART pregnancies are sampled, an estimated 1,290 sets of multiple 
births would be included in addition to the 2,395 singleton births; likewise if 8,798 ART pregnancies are 
sampled, 2,617 multiple birth sets would be included. 
 
Contact:  Couples will need to be contacted at varying intervals, depending on the nature of the measurements.  
It is anticipated that contact would most often occur at the infertility clinic during regularly scheduled visits for 
evaluation and treatment. 
 
Nature of Measurement:  Various methods of data collection could be utilized, ranging from diaries and 
interviews to urine and blood sample collection.  
 
Burden on the Participant and Family:  The data and specimen collection would be time intensive, but 
participants would receive a large amount of valuable information.  Couples trying to conceive using infertility 
treatments such as ARTs have expressed the need for more data on the safety of these procedures (personal 
communication, RESOLVE.)  
 
Ethical Considerations:  Privacy and confidentiality issues are paramount concerns for sampling and data 
collection procedures.  The so-called sensitive data (e.g., ART) are entitled to the same confidentiality issues 



 

 
 

as so-called non-sensitive data.  The protection of privacy for all study participants regardless of recruitment 
source is a must.  As with all data on environmental exposures, there may be insufficient evidence for 
interpreting risk.  Risk communication will be essential for ensuring open communication with study 
participants.  
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Table 1. Sample size estimates to study various outcomes among singleton infants – National Children’s Study preconception Core Hypothesis – 
Assisted Reproductive Technology 

1 
 
Outcome of Interest 

2 
 
Prevalence in general 
population 

3 
 
Minimum expected 
increase in ART 
singleton population 
compared to general 
population 

4 
 
What sample size of 
singleton births is needed 
in ART group (exposed)? 
 
Assumptions: 
 At least 4:1 ratio non-ART 
(non-exposed) to ART 
infants 
alpha=0.05 (two-sided) 
Beta=0.2 

5 
 
What is the total sample 
size of ART live birth 
deliveries needed to obtain 
# singletons in Column 4? 
 
Assumptions: 
65% of deliveries will be 
singletons; 35% will be 
multiple birth sets 

6 
 
What is the total sample 
size of ART pregnancies 
needed to obtain # of 
deliveries in Column 5? 
 
 
Assumptions: 
15% fetal loss rate 

General Outcomes      
Intrauterine growth 
restriction 
(term infants) 

5% 1.5 fold  (7.5%) 
 
 

925 1,423 1,674 

Preterm delivery  10% 1.5 fold (15%) 434 
 
 

668 809 

Birth defects (all) 3% 
 

1.5 fold (4.5%) 
 

1,578 2,428 2,856 

Serious developmental  
Disabilities (all) 

2% 1.5 fold (3%) 2,395 3,685 4,335 

Mild-serious 
developmental 
disability (all) 

17% 1.5 fold (25.5%) 233 
 
 

358 421 

Specific Outcomes      
Specific birth defect or 
developmental 
disability 

1.0% 2.0 fold (2%) 1,445 2,223 2,615 

Specific birth defect or 
developmental 
disability 

0.5% 2.0 fold (1%) 2,909 4,475 5,265 

Specific birth defect or 
developmental 
disability 

0.3% 2.0 fold (0.6%) 4,861 7,478 8,798 

 


